The amino acid composition of twice recrystallized pepsin (Worthington Biochemical Corporation) has been determined chromatographicaUy on columns of Amberlite IF, 120 resin. The results of the analyses obtained on four different preparations indicate a close agreement in their amino acid composition. Pepsin is unique in that it has a great predominance of acidic amino acids over basic ones. Moreover, all the preparations contain a small and constant amount of hydroxyproline, corresponding to about 0.1 residue per molecule.
Methods--For amino acid analyses 15 to 20 mg. samples of pepsin were hydrolyzed in vacuo with 3 ml. constant boiling hydrochloric acid at 110 =t= I°C. for 22 and 70 hours. The hydrolysates were taken to dryness in a rotating evaporator at 50°C. and the residue dissolved in 3 ml. distilled water. The washing procedure was repeated three times. 0.2 1~1 citrate buffer of pH 2.2 was then added and the volume adjusted to 5.0 ml. The concentration of the hydrolysates has been determined from nitrogen analyses by the Pregl microKjeldahl method using a nitrogen factor for conversion to dry weight based on separate nitrogen, moisture, and ash determinations of the individual pepsin preparations. I
In the amino acid analyses the procedure of Moore, Spackman, and Stein was followed using a 153 cm. IR 120 column at 50°C. for the acidic and neutral acids and a 25 can. column for the basic ones (4) . Since in chromatography at 50°C. hydroxyproline does not separate from aspartic acid and its color value in the ninhydrin assay at 440 m~ is low, this amino acid was determined in separate experiments in which the column temperature was maintained at 30°C. (5) . Here an aliquot of each fraction was tested with the modified ninhydrin reagent (6) and the remaining portion analyzed for hydroxyproline with the aid of the procedure of Martin and Axelrod (7) . BRIJ, thiodiglycol, and phenol, usually added to the eluting buffer, interfere with the color reaction and were, therefore, eliminated.
Tryptophan analyses were carried out on the intact unhydrolyzed pepsin according to the method of Goodwin and Morton (8) . As suggested, correction for extraneous absorption was applied and the tyrosine content derived from the chromatographic analyses substituted into the equation. The isobestic point was at 277 to 281 m/2 ~9).
RESULTS
Some of the striking features of the amino acid composition of pepsin are illustrated qualitatively with the aid of the elution patterns of Figs. 1 and 2. From these patterns it is apparent that pepsin has a high content of acidic, neutral, and hydroxy amino acids whereas the content of the basic ones is unusually low.
In Table I are presented the analytical data obtained from a 22 and 70 hour hydrolysate for the four preparations. It is of interest to note that the compositions of lots 611, 617, and 623 are identical within the experimental error of the method. Preparation 622, on the other hand, has less isoleucine. As is the case with most proteins, serine, threonine, and tyrosine are partly decomposed during acid hydrolysis. Thus, in the final calculations, a correction has been applied which was obtained by extrapolation of the 22 and 70 hour values to zero time.
A point of interest in these analyses, however, is that each pepsin preparation thus far examined contains a small amount of hydroxyproline. Although it has been shown by Spackman, Stein, and Moore (5) that on chromatography on 1 We are indebted to Mr. T. Bella for these determinations.
IR 120 at 30°C. this amino acid emerges as a distinct peak ahead of the aspartic acid, the ninhydrin reaction was not sufificiently sensitive to detect any hydroxyproline in the corresponding region of our chromatograms. If, on the other hand, as also illustrated with the aid of Fig. 3 , each fraction is assayed with the color test specific and more sensitive for hydroxyproline a small peak is present in the position in which this amino acid would be expected to occur. Separate experiments were performed in which a small amount of hydroxyproline was added to pepsin prior to the hydrolysis of the protein with hydrochloric acid. Here again, only one peak giving a positive isatin test was present in the chromatogram. Moreover, it should be noted that the added material was always recovered quantitatively. Thus, in contrast to the other hydroxy amino acids, e.g. serine and threonine, hydroxyproline is stable in 6.0 z~ hydrochloric acid at 110°C. A summary of the analytical results is presented in Table II . Here columns 2, 3, and 4 list the average value for each amino acid derived from the data given in Table I The values for threonine, serine, and tyrosine were obtained by extrapolation of the 22 and 70 hour hydrolysates to zero time.
§ Methionine corrected for 5 per cent loss during chromatography. H NH3 content of the hydrolysate corrected for decomposition of serine, threonine, and tyrosine, but considered as approximate.
ecule of 35,000 (column 5), they lie close to an integral value in each instance and agree well, in most part, with those of Brand (column 7) (2). Moreover, if the molecular weight of pepsin is computed from these data, the value of 36,212 is in close agreement with that of 35,000 based on physicochemical measurements (10, 11) .
The values which are subject to greatest error are those for methionine and cystine? As can be seen from Fig. 1 , the peaks are the smallest ones on the 2 As shown by Kern, pepsin has no free -SH groups (20) . effluent curve. Both amino acids are subject to losses during hydrolysis. Accurate determination of these two constituents would require analysis of performic acid-oxidized pepsin for cysteic acid and methionine sulfone.
Even though the basic amino acids are present in relatively small amounts, it was possible to determine them accurately. Three to 6 rag. samples were analyzed on a 25 cm. column of IR 120 rather than on a shorter column as recommended by Moore, Spackman, and Stein (4). Similarly, amounts of 35 to 40 rag. of pepsin had to be used in each determination of hydroxyproline whereas only 0.5 to 0.7 rag. was necessary for the analyses of the acidic and neutral amino acids.
DISCUSSION
The homogeneity of pepsin has been the subject of extensive investigations (12) (13) (14) . Although the physicochemical properties and the analytical results point to a uniformity of our preparations, this does not preclude the fact that crystalline pepsin contains a few molecules with a slightly different amino acid composition.
A close examination of the amino acid distribution of pepsin reveals the presence of 44 aspartic, 27 glutamic acids, and only four basic residues; i.e., one lysine, one histidine, and two arginines. This marked predominance of dicarboxylic acids with 35 free carboxyls 8 and the occurrence of one phosphate group (12, 15) explain that pepsin even in 0.1 ~ hydrochloric acid still moves electrophoretically as a negatively charged ion (15, 16) .
The point of interest, however, is that pepsin has 44 serine, 28 threonlne, and 15 proline residues, representing 26 per cent of the total amino acid content. It is, therefore, not unlikely that the sequential arrangement of these constituents, particularly that of proline, contributes to a specific configuration of a chain segment, or segments, essential to the catalytic activity of the enzyme.
The finding in this protein of small amounts of hydroxyproline was unexpected. Although it is possible that this amino acid originates from a contaminant, e.g. collagen or a collagen breakdown product which is tightly adsorbed to pepsin and which even on extensive purification cannot be removed, it is striking that in all the preparations thus far analyzed the amount of hydroxyproline is constant. 4 This constancy might be interpreted as an indication that we deal with a mixture of closely related proteins and that in every tenth molecule one proline residue is substituted by an hydroxyproline. We favor this latter explanation since preliminary experiments have indicated that the enzymically active pepsin modifications obtained on mild autodigestion contain 8 Amide values computed from the chromatography results and not based on independent determinations. 4 Analysis for hydroxyproline on crystalline pepsin, Pentex, lot 3713, indicated also the presence of 0.1 residue of this amino acid per mole of pepsin.
one to five residues of this amino acid (3, 17) . The fact should be kept in mind that large amounts of a protein are necessary for the detection of traces of hydroxyproline. Thus this amino acid could occur in a variety of proteins of non-collagen origin and could have escaped the attention of investigators.
The authors are greatly indebted to Dr. Stanford Moore for generously supplying the Amberlite IR 120 resin used in this investigation and for his advice and interest in this work, and to Dr. R. Trautman for the ultracentrifuge measurements.
Our sincere thanks are also due to Miss Hessy Levinsons for her able asdstance in the chromatography experiments.
Addendum
As stated earlier in this paper, one of the values subject to error in the analysis of amino acids is that of cystine. Since an accurate determination requires analysis of performic acid-oxidized pepsin for cysteic acid, performic acid oxidation was carried out according to the method of Schram, Moore, and Bigwood (18) . The excess reagent was removed by freeze-drying (19) and the oxidized protein hydrolyzed at 155°C. under reflux with constant boiling hydrochloric acid for 18 hours. Aliquots containing 3 to 4 mg. of protein were then analyzed chromatographically on Amber° lite IR 120 columns (4) .
The results obtained with the twice recrystallized pepsin preparations, lots 611, 617, and 623, indicated the presence of 5.9s, 5.87, and 5.74 residues of cysteic acid, respectively. It is thus clear that the discrepancy between the values given in Tables  I and II and that found after performic acid oxidation is due to loss of cystine during the acid hydrolysis. Moreover, the integral value of six half-cystine agrees well with that reported by Kern (20) . As in the work of Kern no free sulfhydryl groups are present in our preparations as shown with the aid of the amperometric titration of Benesch, Lardy, and Benesch (21) .
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